Estimating the risk of human cancer associated with exposure to methylene chloride.
Dichloromethane (methylene chloride, CH2Cl2) has been shown to significantly increase the incidence of malignant lung and liver tumors in B6C3F1 mice inhaling high concentrations of CH2Cl2 vapor for the majority of their natural lifetime. CH2Cl2 is extensively metabolized in mammalian species through two competing pathways: (1) oxidation by the mixed function oxidase enzymes, and (2) conjugation with glutathione catalyzed by glutathione-S-transferase(s)(GST). Since elevated tumor incidences have not been observed in B6C3F1 mice exposed to 1,1,1-trichloroethane, a halogenated solvent with similar physical-chemical properties (but only minor amounts of mammalian metabolism), it appeared that biologically reactive intermediates (BRIs) from one or both of the pathways of CH2Cl2 metabolism were involved in the tumorigenic process. Development of an integrated pharmacokinetic model incorporating quantitative measures of mammalian physiology, chemical solubility, and metabolic rate constants permitted formulation of a plausible hypothesis for the tumorigenic effects of CH2Cl2: namely that BRIs formed by the CH2Cl2/GST(s) may react with critical molecules in the target organs. This hypothesis is consistent with the dose-dependency, route-dependency, and species-specificity of CH2Cl2 for the induction of lung and liver tumors. Based on this hypothesis as well as in vivo and in vitro measurements of CH2Cl2 metabolism in humans, it was possible to prepare quantitative estimates of the cancer risk in human populations. Examination of these risk estimates indicates that development of quantitative procedures for describing the production of BRI in target tissues may cause significant changes in the levels of estimated risk.